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Description 

Technical Field 

s [0001 ] The present invention relates to a compound or a salt thereof useful as an agent for measurement of a reactive 
oxygen. The present invention also relates to an agent for measurement of a reactive oxygen comprising the afore- 
mentioned compound or a salt thereof. 

Background Art 

10 

[0002] It is known that, in living organisms and life phenomena, free radical species such as nitrogen monoxide act 
as a second messenger for signal transduction, and they exert various physiological functions, for example, control of 
blood pressure in the circulatory system and the like. Reactive oxygen, which is one type of free radical species, is a 
generic term for superoxide anion, hydrogen peroxide, hydroxyl radical, singlet oxygen and the like. Among them, 

15 superoxide anion and hydrogen peroxide have already been revealed to exert important physiological functions in the 
immune system and the like. There are also many articles reporting that hydroxyl radical has been found to be involved 
in vascular disorders or brain disorders after ischemia or DNA modification by ultraviolet, and the radical is considered 
to be a reactive oxygen species having particularly high harmful nature in relation to causes and pathologies of diseases. 
As for singlet oxygen, its role and the like has little been revealed so far. Recently, some evidence has been obtained 

20 suggesting that singlet oxygen is a reactive species in the photodynamic therapy, which is one of cancer therapies, 
and is generated by various kinds of oxidases, peroxidases and the like in living organisms, which suggests its role of 
important physiological functions. 

[0003] Elucidation of the role of reactive oxygen species in living organisms has thus become more and more im- 
portant However, there are many problems in methods for measurement of the species. As for methods for measure- 

25 ment of hydroxyl radical, various reports have been made on its measurement by the electron spin resonance (ESR) 
method. However, the ESR method has fundamental difficulty of using living cells as measurement samples, and the 
measurement and the evaluation at an individual cell level are practically impossible. A method is also known in which 
DCFH-DA (^J'-dichlorodihydrofluorescein diacetate, Molecular Probes, catalog No. D-399), which is capable of meas- 
uring wide variety of reactive oxygen species, is used together with an inhibitor against generation of other reactive 

30 oxygen species, and hydroxyl radical is detected under a microscope. However, results obtained in the coexistence 
of the inhibitor includes some factors different from reactionsjn a living organism. In addition, DCFH-DA is very sus- 
ceptible to autoxidation, and for this reason, background fluorescence by autoxidation interferes the detection when 
the same field is needed to be observed several times. The method is also very inconvenient from viewpoint of oper- 
ability and storability as it requires operations in the dark. 

35 [0004] Ten or more kinds of methods have been known as methods for measurement of singlet oxygen, including 
the chemiluminescence method, the ESR method, and the luminescence method. However, these methods in common 
give only low specificity and sensitivity, and thus they are not reliable methods (as for the method for specific detection 
of singlet oxygen, see, Nagano, T., et at., Free radicals in Clinical Medicine, Vol. 7, pp. 35-41, 1993 and the like). The 
DCFH-DA may be used in the measurement of singlet oxygen, however, problems of DCFH-DA, per se, cannot be 

40 avoided. Therefore, it has been desired to develop a method for measurement of singlet oxygen species, which can 
be used in research of reactive oxygen species and is excellent in specificity and sensitivity with easy operability. 

Disclosure of the Invention 

45 [0005] An object of the present invention is to provide a compound useful as an agent for measurement of a reactive 
oxygen such as hydroxyl radical and singlet oxygen. Another object of the present invention is to provide an agent for 
measurement of a reactive oxygen comprising said compound, and to provide a method for measurement of a reactive 
oxygen using said compound. More specifically, the object of the present invention is to provide an agent for accurately 
and conveniently measuring a reactive oxygen that are localized in a particular class of cells or tissues in a living 

50 organism by a bioimaging technique. 

[0006] The inventors of the present invention conducted various studies to achieve the foregoing objects. As a result, 
they succeeded in providing an agent for specifically detecting singlet oxygen (International Publication WO 99/51586). 
The inventors further conducted researches, and found that a substantially non-fluorescent compound represented by 
general formula (I) or (II) is efficiently reacted with a reactive oxygen under physiological conditions to give a dearylated 

55 fluorescent compound, and that a reactive oxygen can be measured with very high specificity and sensitivity by using 
the compound represented by the general formula (I) or (II) as an agent for measurement of hydroxyl radical or singlet 
oxygen to measure the fluorescence of the dearylated compound generated upon the reaction with a reactive oxygen 
which are localized in living cells or living tissues. They also found that the compound represented by the general 
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formula (I) or (II) is not absolutely affected by autoxidation; The present invention was achieved on the basis of these 
findings. 

[0007] The present invention thus provides a compound represented by general formula (I) or (II) or a salt thereof: 


10 


15 



wherein R 1 and R 2 independently represent an aryl group which may be substituted and R 3 represents a 2-carboxy- 
20 phenyl group which may be substituted. According to preferred embodiments of the present invention, provided are 
the aforementioned compound or a salt thereof in which R 1 and R 2 represent a phenyl group substituted with an amino 
group or a hydroxy group; and the aforementioned compound or a salt thereof in which R 3 is a 2-carboxyphenyl group. 
[0008] From another aspect of the present invention, an agent for measurement of a reactive oxygen is provided 
which comprises the compound represented by the general formula (I) or (II) or a salt thereof. The present invention 
25 further provides a method for measurement of a reactive oxygen which comprises the steps of: (A) reacting the com- 
pound represented by the general formula (I) or (II) or a salt thereof with a reactive oxygen; and (B) measuring fluo- 
rescence of a dearylated compound or a salt thereof generated in the above step (A) (a compound represented by the 
general formula (I) in which R 1 is a hydrogen atom or a compound represented by general formula (II) in which R 2 is 
a hydrogen atom). 

30 

Brief Explanation of Drawings 
[0009] 

35 Fig. 1 shows an excitation spectrum and a fluorescence spectrum of a 1 0 uJvl solution of the compound (ss-3F) of 

the present invention obtained in Example 3. 

Fig. 2 shows results of measurements of changes in fluorescence intensity with time where a singlet oxygen gen- 
eration system, i.e., EP-1, was added to a 10 u,M solution of the compound (ss-3F) of the present invention obtained 
in Example 3. 

40 Fig. 3 shows an excitation spectrum and a fluorescence spectrum of the solution after the completion of the reaction 

shown in Fig. 2. 

Fig. 4 shows results of measurements of changes in fluorescence intensity with time where a hydroxyl radical 
generation system, i.e., hydrogen peroxide and ferrous perchlorate, was added to a 10uJv1 solution of the compound 
(ss-3F) of the present invention obtained in Example 3. 
45 Fig. 5 shows an absorption spectrum of 10m.M compound (ss-3F) of the present invention dissolved In a sodium 

phosphate buffer (pH 7.4). 

Fig. 6 shows a result of analysis by HPLC of a solution containing the compound (ss-3F) of the present invention 
obtained in Example 3. In the figure, indicated are results obtained from (A) a 10 p.M ss-3F solution, (B) a reaction 
solution prepared by adding EP-1 to a 10 u,M ss-3F solution to a final concentration of 5 mlvl, followed by reaction 
50 at 37°C for 8 hours, (C) a solution prepared by adding hydrogen peroxide to a 10 uJvl ss-3F solution to a final 

concentration of 1 mM, adding ferrous perchlorate thereto to a final concentration of 500 uJvl, and then allowing to 
stand at room temperature for about 3 hours, and (D) a 1 u,M fluorescein solution! 

Fig. 7 shows an excitation spectrum and a fluorescence spectrum of a 10 u.M solution of the compound (ss-3) of 
the present invention obtained in Example 1 . 
55 Fig. 8 shows an excitation spectrum and a fluorescence spectrum after the completion of the reaction between a 

10 n.M solution of the compound (ss-3) of the present invention obtained in Example 1 and singlet oxygen. 
Fig. 9 shows the result of examination of reactivity between the compounds of the present invention (ss-1F and 
ss-3F) and HRP/H 2 0 2 . In the figure, indicated are results obtained from (A) ss-1F and (B) ss-3F. Numerical values 
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In the figure represent H 2 0 2 concentrations. 

Best Mode for Carrying out the Invention 

5 [0010] All disclosures in the specification and claims of Japanese Patent Application No. 2000-54557 are incorpo- 
rated herein by reference. 

[001 1] As the aryl group represented by R 1 or R 2 , for example, a monocyclic, bicyclic, or tricyclic aryl group having 
about 6 to 14 ring-constituting atoms can be used. Preferably a phenyl group or a naphthyl group, and more preferably 
a phenyl group can be used. The aryl group may have one or more substituents on the ring. When the aryl group has 

10 two or more substituents, they may be the same or different. The type and substituting position of the substituent are 
not particularly limited. For example, a C^g alkyl group (the alkyl group may be any of linear, branched, cyclic, or a 
combination thereof, and the same shall apply to an alkyl moiety of other substituents having the alkyl moiety), a C-j.g 
haloalkyl group, a C-^g alkenyl group, a C^g alkoxy group, a halogen atom (the halogen atom may be any of a fluorine 
atom, a chlorine atom, a bromine atom, or an iodine atom), a cyano group, a nitro group, an optionally substituted 

15 amino group, a carboxyl group, an alkoxycarbonyl group, a C U6 alkanoyl group, a C U6 haloalkanoyl group, an aroyl 
group, a hydroxy group, an alkylenedioxy group or the like may be used as the substituent. 

[0012] R 1 or R 2 is preferably a substituted phenyl group and a monosubstituted phenyl group is more preferable. As 
the monosubstituted phenyl group, a phenyl group having non-substituted amino group or a hydroxy group is particularly 
preferred. A substituting position of the substituent is preferably in ortho-position or para-position. A benzene ring of 

20 a 2-carboxyphenyl group represented by R 3 may have one or more substituents. When the benzene ring has two or 
more substituents, they may be the same or different. The group explained for the aforementioned aryl group can be 
used as a substituent on the benzene ring, and R 3 is preferably a non-substituted 2-carboxyphenyl group. 
[0013] The compound represented by the general formula (I) or (II) can exist as a salt. Examples of salts include a 
base addition salt, an acid addition salt, and an amino acid salt. Examples of the base addition salts include: metal 

25 salts such as sodium salts, potassium salts, calcium salts, and magnesium salts; ammonium salts; and organic amine 
salts such as triethylamine salts, piperidine salts, and morpholine salts. Examples of the acid addition salts include: 
mineral acid salts such as hydrochlorides, sulfates, and nitrates; and organic acid salts such as methanesulfonates, 
p-toluenesulfonates, citrates, and oxalates. Examples of the amino acid salts include glycine salts. However, salts of 
the compounds of the present invention are not limited to these examples. 

30 [001 4] Among them, physiologically acceptable water-soluble salts can be suitably used for the agent and the meas- 
uring method of the present invention. Further, the compound represented by the general formula (I) or (II) in a free 
form or a salt thereof may exist as a hydrate or a solvate, and any of these substances fall within the scope of the 
present invention. The types of solvents that form the solvates are not particularly limited. For example, solvents such 
as ethanol, acetone, and isopropanol can be exemplified. 

35 [001 5] The compound represented by general formula (I) or (II) may have one or more asymmetric carbons depending 
on the type of the substituent, and stereoisomers such as optical isomers or diastereoisomers may exist. These ster- 
eoisomers in pure forms, any mixtures of these stereoisomers, racemates and the like fall within the scope of the 
present invention. In addition, the compound represented by formula (II) of the present invention may form a lactone 
ring in the molecule. It should be recognized that the compounds in which a lactone ring is formed also fall within the 

40 scope of the present invention. Optically active substances due to the aforementioned lactone formation also fall within 
the scope of the present invention. 

[0016] The compound of the present invention represented by the general formula (I) or (II) can be prepared generally 
by arylating a corresponding coumarin compound (a compound represented by the general formula (I) in which R 1 is 
a hydrogen atom) or a fluorescein compound (a compound represented by the general formula (II) in which R 2 is a 

45 hydrogen atom). In general, an alkali metal salt of a coumarin compound or a fluorescein compound is prepared be- 
forehand, and then the salt is reacted with an aryl iodide compound in a suitable solvent in the presence of cuprous 
chloride. Methods for preparation of typical compounds represented by the general formula (I) or (II) of the present 
invention are shown in the following schemes. The preparation methods shown in the schemes are more specifically 
detailed in Examples of the specification. Accordingly, one of ordinary skill in the art can prepare any compounds 

50 according to the present invention by suitably choosing a starting material and a reagent based on the explanations 
in the Examples and appropriately altering or modifying reaction conditions and steps, if necessary 
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30 [001 7] A target compound can sometimes be efficiently prepared by performing the reaction by optionally protecting 
a particular class of functional group in the reaction steps. Detailed explanations of protective groups are given in, for 
example, Protective Groups in Organic Synthesis, T. W. Greene, John Wiley & Sons, Inc., 1981 , and therefore, one of 
ordinary skill in the art can choose suitable protective groups. 

[0018] In the above preparations, isolation and purification of the products can be performed by an appropriate com- 
35 bination of techniques used in the field of organic synthesis, for example, filtration, extraction, washing, dehydration, 
concentration, crystallization, various chromatography techniques and the like. The synthetic intermediates in the afore- 
mentioned steps can be used for the subsequent reaction without particular purification. Where a salt of the compound 
of the present invention is prepared, when a salt of each compound is obtained in the above preparation method, the 
resulting salt, per se, may be purified. When a compound in a free form is obtained, the compound in a free form can 
40 be dissolved or suspended in a suitable solvent and then added with a base to form a salt, and the resulting salt may 
be purified, if necessary. 

[0019] The compound of the present invention represented by the general formula (I) or (II) or a salt thereof has a 
property that it reacts with a reactive oxygen under a mild condition, for example, a physiological condition, to give a 
dearylated coumarin compound (corresponding to a compound represented by general formula (I) in which R 1 is a 

« hydrogen atom) or a fluorescein compound (corresponding to a compound represented by general formula (II) in which 
R 2 is a hydrogen atom) or a salt thereof. The compound represented by the general formula (I) or (II) or a salt thereof 
Js substantially non-fluorescent, whereas the dearylated coumarin compound or the fluorescein compound or a salt 
thereof has a property of emitting fluorescence with high intensity. Therefore, by subjecting a compound represented 
by the general formula (I) or (II) or a salt thereof to react with a reactive oxygen, and then measuring fluorescence of 

50 the dearylated compound or a salt thereof, the reactive oxygen can be measured selectively with high sensitivity. 
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(in the scheme, R 4 represents a p-amino group, an o-amino group, a p-hydroxy group, an o-hydroxy group and the 
like, and the reactive oxygen species is singlet oxygen, hydroxyl radical or the like.) 

[0020] The types of reactive oxygens which are measurable by the agent of the present invention are not particularly 
30 limited. For example, any of superoxide anion, hydroxyl radical, singlet oxygen, and hydrogen peroxide can be meas- 
ured. In particular, singlet oxygen and hydroxyl radical can be measured with high sensitivity and selectivity. For ex- 
ample, when the compound represented by general formula (I) or (II) or a salt thereof is used as an agent for meas- 
urement of a reactive oxygen, reactive oxygens localized in an individual cell or a particular class of tissue can be 
accurately and conveniently measured. 
35 [0021 ] The term "measurement" used in the present specification should be construed in its broadest sense, including 
determinations, tests, and detections performed for the purpose of quantification, qualification, diagnosis or the like. 
The method for measuring a reactive oxygen of the present invention generally comprises the steps of: (A) reacting a 
compound represented by the general formula (I) or (II) or a salt thereof with a reactive oxygen; and (B) measuring 
fluorescence of a dearylated compound or a salt thereof produced in the above step (A) (corresponding to a compound 
40 represented by general formula (I) in which R 1 is a hydrogen atom or a compound represented by general formula (II) 
in which R 2 is a hydrogen atom). 

[0022] The fluorescence of the dearylated compound or a salt thereof may be measured by a conventional method. 
A method for measurement of a fluorescence spectrum in vitro, a method for measurement of a fluorescence spectrum 
in vivo by a bioimaging technique and the like may be employed. For example, when quantification is performed, it is 

45 preferred to prepare a calibration curve beforehand according to a conventional method. As a quantitative hydroxyl 
radical generation system, for example, a gamma-radioiysis method can be used. As a singlet oxygen generation 
system, for example, the naphthalene endoperoxide system (Saito, I, .et al., J. Am. Chem. Soc, 107, pp. 6329-6334, 
1985) can be used. The agent of the present invention has a property to be taken up intracellularly, and accordingly, 
. the agent enables measurement of reactive oxygens localized in individual cells with high sensitivity by a bioimaging 

50 technique. 

[0023] From another aspect of features of the compound of the present invention or a salt thereof, said compound 
or a salt thereof can specifically measure activity of an enzyme such as peroxidase, in which enzymatic reaction a 
reactive oxygen involves. Accordingly, the agent comprising the compound of the present invention or a salt thereof 
is useful as an agent for measurement of activity of an enzyme such as a peroxidase in which reaction a reactive 
55 oxygen involves. 

[0024] The compound represented by the general formula (I) or (II) or a salt thereof, per se, may be used as the 
agent for measurement of a reactive oxygen of the present invention. If necessary, a composition may be used which 
is formulated with additives commonly used for preparation of a reagent. For example, additives such as solubilizers, 
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pH adjusters, buffers, and isotonic agents can be used as additives for use of the agent in a physiological condition, 
and amounts of these additives can be suitably chosen by one of ordinary skill in the art. The compositions may be 
provided as compositions in appropriate forms, for example, powdery mixtures, lyophilized products, granules, tablets, 
solutions and the like. 

5 

Examples 

[0025] The present invention will be more specifically explained by way of examples. However, the scope of the 
present invention is not limited to these examples. 
10 > 

Example 1: Synthesis of ss-3 (a compound represented by general formula (I) in which R 1 is a p-aminophenyl group) 

1) Synthesis of 4-iodoacetanilide 

15 [0026] 4-lodoaniline (11 .0 g, 50.4. mmol) was dissolved in 60 mL of ethyl acetate and the solution was added with 
10 mL of acetic anhydride (10.8 g, 106 mmol) and 7.8 mL of pyridine (7.65 g, 99.4 mmol), and the mixture was stirred 
at room temperature for 2 hours with an equipment of a CaCI 2 tube. A solvent was evaporated under reduced pressure 
to obtain 4-iodoacetanilide (yield: 13.0 g, percent yield: 99.0%). 
m.p.: 174.5 to 175.5°C 

20 1 H-NMR (300 MHz Acetone-d 6 ); 5 2.04 (s, 3H), 7.46 (dd, J = 9.0 Hz, 2.2 Hz, 1H) t 7.60 (dd, J = 9.0 Hz, 2.2 Hz, 1H), 
9.21(br, 1H) 
El Mass (M) + = 261 

2) Synthesis of pre ss-3 (acetyl) 

25 

[0027] Potassium f«butoxide (123 mg, 1.10 mmol) was dissolved in a mixed solvent of 8 mL of benzene and 3 mL 
of methanol. The solution was then added with 7-hydroxycoumarin (196 mg, 1.21 mmol) and stirred for dissolution. 
The solvent was then removed by evaporation under reduced pressure to obtain a 7-hydroxycoumarin potassium salt. 
A solution of 4-iodoacetanilide (1.11 g, 4.26 mmol) dissolved in 12 mL of pyridine and cuprous chloride (124 mg, 1.25 

30 mmol) were added to a 25 mL eggplant-type flask containing the 7-hydroxycoumarin potassium salt, and the mixture 
was heated under reflux under argon stream for 9 hours and 45 minutes. After stand for codling to room temperature, 
the reaction mixture was added with 55 mL of water and then acidified with the addition of concentrated hydrochloric 
acid. The mixture was extracted with ethyl acetate (75 mL x 4), and the combined organic layer was washed with 
saturated brine and dried over Na 2 S0 4 , and then the solvent was evaporated under reduced pressure. The residue 

35 was purified by column chromatography on silica gel (repeated twice using ethyl acetate as a sole eluent for both times) 
to obtain pre ss-3 (acetyl) as a yellow crystal (yield: 68.7 mg, percent yield: 21 .2%). 
m.p.: 197.0 to. 199.0°C 

1 H-NMR (300 MHz Acetone-d 6 ); 6 2.08 (s, 3H), 6.27 (d, J=9.5 Hz, 1H), 6.79 (d, J=2.4 Hz, 1H), 6.92 (dd, J=8.6 Hz, 2.4 
Hz, 1H), 7.09 (d. J=9.0 Hz, 2H), 7.65 (d, J=8.6 Hz, 1H), 7.74 (d, J=9.0 Hz, 2H), 7.93 (d, J=9.5 Hz, 1H) 
<o El Mass (M) + = 295 

3) Synthesis of ss-3 

[0028] Pre ss-3 (acetyl) (67 mg, 0.227 mmol) was added to 20 mL of 1 .2 normal hydrochloric acid, and the reaction 
45 system was completely sealed and heated under reflux for 3 hours, and then stirred at room temperature for 1 hour 
and 30 minutes. The reaction mixture was added with an aqueous solution of saturated sodium hydrogencarbonate 
(65 mL) and extracted with ethyl acetate (75 mL x 4). The organic layer was washed with saturated brine, dried over 
Na 2 S0 4 , and the solvent was then evaporated under reduced pressure. The residue was purified by column chroma- 
tography on silica gel (eluent; dichloromethane/ethyt acetate = 3/1) to obtain ss-3 as a yellow crystal (yield: 38.0 mg, 
50 percent yield: 66.2%). 
m.p.: 132.5 to 133.5°C 

1 H-NMR(300 MHz Acetone-d 6 ); 84.57 (br, 2H), 6.10 (d t J=9.5 Hz, 1H), 6.60-6.78 (m, 5H), 7.47 (d, J=8.6 Hz, 1H), 7.77 
(d, J=9.5 Hz, 1H) 
El Mass (M) + =253 

55 
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Example 2: Synthesis of ss-1F (a compound represented by general formula (II) in which R 2 is a p-hydroxyphenyl 
group and R 3 Is a 2-carboxyphenyl group) 

1) Synthesis of 4-tert-butoxyiodobenzene 

5 

[0029] 4-lodophenol (18.7 g, 85.1 mmol) was dissolved in 150 ml_ of dichloromethane and the solution was bubbled 
with isobutene until saturation under ice cooling. The mixture was then added with 10 drops of concentrated sulfuric 
acid and stirred at room temperature overnight. The reaction mixture was washed twice with a 50 ml aqueous solution 
of 2 normal sodium hydroxide, and the organic layer was dried over Na 2 S0 4l and the solvent was evaporated under 
10 reduced pressure to obtain 4-tert-butoxyiodobenzene as a white crystal (yield: 1 6.6 g, percent yield: 70.7%). 
m.p.: 40.0 to 41. 5°C 

1 H-NMR (300 MHz CDCI 3 ); 5 1.33 (s, 9H), 6.75 (dd, J=9.0 Hz, 2.4 Hz, 2H), 7.55 (dd, J=9.0 Hz, 2.4 Hz, 2H) 
El Mass (M)* = 276 

15 2) Synthesis of pre ss-1 F (t-butyl) 

[0030] Sodium fluorescein (3.75 g, 9.97 mmol), cuprous chloride (3.92 g, 39.6 mmol), and 4-fert-butoxyiodobenzene 
(8.05g, 29.2 mmol) were added to 50 ml of pyridine, and the mixture was heated under>eflux under argon stream for 
10 hours and 15 minutes. The mixture was added with water (50 ml) and 80 ml of concentrated hydrochloric acid and 
20 extracted with dichloromethane. The organic layer was washed with saturated brine, dried over anhydrous Na 2 S0 4 , 
and then concentrated under reduced pressure. The residue was purified by column chromatography on silica gel 
(eluent: ethyl acetate/n-hexane = 1/1) to obtain pre ss-1 F (t-butyl) as a yellow solid (yield: 19.6 mg, percent yield: 0.4%). 
m.p.M36.0to 138.0°C 

1 H-NMR (300 MHz CD 3 CN); 5 1.33 (s, 9H), 6.62-6.82 (m, 6H), 7.06 (m, 4H), 7.30 (d, J=7.5 Hz, 1H), 7.71-7.83 (m, 2H), 
25 7.98 (d, J=6.4Hz, 1H) 
FAB Mass (M+1) + = 481 

3) Synthesis of ss-1F 

30 [0031] Pre ss-1 F (t-butyl) (9.8 mg, 20.4 \imo\) was dissolved in 10 mL of 2,2,2-trifluoroethanol, and the solution was 
added with 5 drops of a dilute solution of trifluoromethanesulfonic acid under ice cooling, and then the mixture was 
stirred under argon stream for 25 minutes under ice cooling. After the completion of the reaction, the reaction mixture 
was added with 40 mL of dichloromethane and washed twice with water and then with saturated brine, dried over 
Na 2 S0 4 . Then the solvent was evaporated under reduced pressure to obtain ss-1 F as a yellow crystal (yield: 6.6 mg, 

35 percent yield: 76.9%). 
m.p.: 127.0 to 129.0 °C 

1 H-NMR (300 MHz Acetone-d 6 ); 6 6.48-6.67 (m, 6H), 6.79 (d ( J=9.0 Hz, 2H), 6.87 (d ( J=9.0 Hz, 2H), 7.17 (d, J=7.5 
Hz, 1H), 7.58-7.71 (m, 2H), 7.86 (d, J=7.5 Hz, 1H) 
FAB Mass (M+1) + = 425 

AO 

Example 3: Synthesis of ss-3F (a compound represented by genera! formula (II) in which R 2 is a p-aminophenyl group 
and R 3 is a 2-carboxyphenyl group) 

1) Synthesis of 4-iodotrifluoroacetanilide 

45 4 

[0032] Trifluoroacetic anhydride (36.0 ml, 216 mmol, 45.0 g) and pyridine (17.0 ml, 210 mmol, 16.6 g) were added 
to a solution of 4-iodoaniline (25.0 g, 114 mmol) in 100 ml of dichloromethane under ice cooling, and the mixture was 
stirred under ice cooling until fuming and heat evolution were terminated. The mixture was then immediately returned 
to room temperature and continuously stirred for 19 hours. After the solvent was evaporated under reduced pressure, 
50 the residue was purified by chromatography on silica gel (eluent: ethyl acetate) to obtain 4-iodotrifluoroacetanilide as 
a light brown solid (yield: 34.1 g, percent yield: 94.8%). 
m.p.: 148.5 to 149.0°C 

1 H-NMR (300 MHz, CDCI 3 /TMS); d 7.35 (d, J = 8.8 Hz, 2H), 7.71 (d, J = 8.8 Hz, 1H), 7.90 (br, 1H) 
El Mass (M) + = 315 

55 

2) Synthesis of N*-trifluoroacetyl-ss-3F (TFA salt) 

t [0033] Sodium fluorescein (3.77 g, 10.0 mmol) was dissolved In 50 ml of dimethylacetamide, and the mixture was 
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stirred for 20 minutes. The mixture was added with a solution of 4-iodotrifluoroacetanilide (12.8 g, 4.05 mmol) in 60 ml 
of pyridine, and then added further with cuprous chloride (2.55 g, 25.8 mmol) and heated under reflux under argon 
stream for 9 hours. After the reaction mixture was cooled to room temperature, the mixture was added with 100 ml of 
water and further with 65 ml of concentrated hydrochloric acid for acidification. The mixture was extracted three times 
5 with ethyl acetate, and the combined organic layer was washed with saturated brine. The organic layer was then dried 
over sodium sulfate and the solvent was evaporated under reduced pressure. The residue was purified by chromatog- 
raphy on silica gel (eluent: ethyl acetate/n-hexane = 1/1) to obtain pre ss-3F (TFA) as a yellow solid (yield: 76.6 mg, 
percent yield: 1.48%). 
. m.p.: 116.5 - 118.5°C 

10 1H-NMR (300 MHz, DMSO-d 6 ); d 6.57-6.87 (m, 6H), 7.18 (d, J = 9.0 Hz, 2H), 7.30 (d, J = 7.5 Hz, 1H) ( 7.70-7.82 (m, 
4H), 8.00(d, J = 7.5 Hz, 1H) 
FAB Mass (M+1) + = 520 

3) Synthesis of ss-3F 

15 - 

[0034] Pre ss-3F (TFA) (76.6 mg, 0.148 mmol) and anhydrous potassium carbonate (90.3 mg) were dissolved in a 
mixed solution of 20 ml of ethanol and 1 .2 ml of water, and the mixture was heated under reflux for 4 hours. After the 
solution was cooled to room temperature, ethanol and water were evaporated under reduced pressure. The residue 
was added with water (20 ml) and then with 10 ml of 2N hydrochloric acid for acidification (pH 1). The mixture was 
20 extracted twice with dichloromethane, and the organic layers were combined and the solvent was evaporated under 
reduced pressure. The residue was purified by chromatography on silica gel (eluent: ethyl acetate/n-hexane = 1/1) to 
obtain ss-3F as a yellow solid (yield: 13.6 mg, percent yield: 21.8%). 
m.p.: 153.5 to 155.0°C 

1 H-NMR (300 MHz, acetone-d 6 ); d 6.60-6.89 (m, 10H), 7.29 (d, J = 7.5 Hz, 1H), 7.72 (td, J = 7.5 Hz, 1.5 Hz, 1H), 7.80 
25 (td, J = 7.5 Hz, 1.5 Hz, 1H), 7.98 (d, J = 7.5 Hz, 1H) 
FAB Mass (M+1) + = 424 

Example 4 

30 1) Fluorescence spectrum 

[0035] ss-3F obtained in Example 3 was dissolved in DMF to a concentration of 10 mM, and then the solution was 
added with a 100 mM sodium phosphate buffer (pH 7.4) for dissolution at a final concentration of 10 u.M. The excitation 
spectrum and the fluorescence spectrum of the 10 u.M ss-3F solution were measured using a fluorophotometer F4500 
35 (manufactured by Hitachi, Ltd.). Slit width was 2.5 nm for both the excitation spectrum and the fluorescence spectrum, 
and the photomultiplier voltage was 950 V. Measurement was carried out at the excitation wavelength of 490 nm and 
the fluorescence wavelength of 510 nm unless otherwise specified. The results are shown in Fig. 1 . As clearly shown 
in Fig. 1, ss-3F, per se, emits no fluorescence. 

[0036] Subsequently, in order to investigate the reaction between ss-3F and singlet oxygen, a solution of EP-1 (a 
40 singlet oxygen generation system, i.e., the naphthalene endoperoxide compound; Saito, I, .et al., J. Am. Chem. Soc, 
107, pp. 6329-6334, 1985) in dimethylformamide (DMF) was added to the 10 ^M ss-3F solution to final concentrations 
of 1 mM, 2 mM, and 5 mM, and changes in fluorescence intensity with time was measured (EP-1 system). The tem- 
perature of the solution at this time was at 37°C. The results are shown in Fig. 2. The excitation spectrum and the 
fluorescence spectrum of the solution after the completion of the reaction were measured under the same conditions 
45 as described above. The results are shown in Fig. 3. As clearly shown in Fig. 2, when ss-3F and EP-1 were allowed 
to coexist, increase in fluorescence intensity was observed dependently on EP-1 concentrations as well as in time 
dependent manner. Also in Fig. 3, generation of fluorescence was observed, and it was verified that ss-3F generated 
fluorescence upon reaction with singlet oxygen. 

[0037] Further, to investigate the reaction between ss-3F and hydroxyl radical, hydrogen peroxide was added to the 
so 10 u.M ss-3F solution to a final concentration of 1 mM, and then the mixture was added with ferrous perchlorate to a 
final concentration of 100 u.M for each addition (5 times in total) to measure changes in fluorescence intensity with time 
(Fenton system). The results are shown in Fig. 4. As shown in Fig. 4, increase in fluorescence intensity was observed 
at each time of the addition of ferrous perchlorate, which verified that ss-3F emitted fluorescence upon reaction with 
hydroxyl radical. 

55 

2) Absorption spectrum 

[0038] ss-3F was dissolved in DMF at a concentration of 10 mM, and the solution was added with a 100 mM sodium 
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phosphate buffer (pH 7.4) so as to give dissolution at a final concentration of 10 pJM. The absorption spectrum of the 
resulting 10 u.M ss-3F solution was measured. The results are shown in Fig. 5. It was verified that ss-3F had the 
absorption maximum at around 455 nm. 

5 3) HPLC spectrum 

[0039] The solutions described below were analyzed by HPLC. The absorbance at 460 nm was measured using 
XTerra™RP 18 5 u.m (4.6 x 250 mm) as a column and an aqueous solution of acetonitrile/0.1M NaHC0 3 = 1/1 as an 
eluate with an elution rate of 1 ml/min. 

10 

(A) the 10 jiM ss-3F solution 

(B) a reaction solution prepared by adding EP-1 to the 10 u,M ss-3F solution so as to give a final concentration of 
5 mM and reacting at 37° C for 8 hours 

(C) a solution prepared by adding hydrogen peroxide to the 1 0 u.M ss-3F solution so as to give a final concentration 
*5 of 1 mM, and further adding ferrous perchlorate so as to give a final concentration of 500 u.M, and then allowing 

to stand at room temperature for about 3 hours 

(D) a 1 u.M fluorescein solution 

[0040] A peak was detected at a retention time of 3.0 minutes for ss-3F alone (A). For a singlet oxygen generation 
20 system (B), a peak different from (A) was detected at 2.3 minutes, and for a hydroxyl radical generation system (C), a 
peak different from (A) was detected at 2.3 minutes. The peaks detected in (B) and (C) were congruent with a peak of 
fluorescein (D), i.e., 2.3 minutes. From these results, it was verified that ss-3F reacted with singlet oxygen or hydroxyl 
radical to generate fluorescein. 

25 Example 5: 

1 ) Fluorescence spectrum 

[0041] A fluorescence spectrum of ss-3 obtained in Example 1 was measured under the same conditions as those 
30 in 1 ) of Example 4, except that the excitation wavelength was at 370 nm and the fluorescence wavelength was at 450 
nm. The result obtained in the absence of EP-1 was shown in Fig. 7, and the result of fluorescence spectrum of the 
solution after the completion of the reaction with EP-1 was shown in Fig. 8. As shown in Figs. 7 and 8, ss-3 itself is 
substantially non-fluorescent, but emits fluorescence upon reaction with singlet oxygen. 

35 Example 6: Comparison of reactivity (specificity) with different reactive oxygen species 

[0042] The compounds of the present invention, ss-1 F, and ss-3F were tested. DCFH (2',7'-dichlorodihydrofluores- 
cein) was used as a control which was produced by hydrolyzing DCFH-DA (2\7'-dichlorodihydrofluorescein diacetate; 
Molecular Probes, D-399) as a commercially available agent for detecting reactive oxygen species. DCFH-DA was 

40 hydrolyzed in accordance with the method by Hempel et aj. (Stephen L. Hempel et al., Free Radical Biology & Medicine, 
27, 146-169, 1999) under an alkali condition to obtain DCFH. More specifically, DCFH-DA was treated with an aqueous 
solution of sodium hydroxide (pH 12) in the dark for 30 minutes, followed by immediate dilution with a 100 mM sodium 
phosphate buffer (pH 7.4) so as to give a concentration of 10 U.M. The 10 u.M DCFH solution was used for the test 
immediately after the preparation. A 10 uJvl solution was prepared for each of ss-1 F and ss-3F using a 1 00 mM sodium 

<5 phosphate buffer (pH 7.4) and used in the experiment. Each of ss-1 F, ss-3F, and DCFH was treated under conditions 
"a" to T for 30 minutes (2 hours and 30 minutes only for T) and changes in fluorescence intensity between before 
and after treatment were measured. The fluorescence intensity was measured under the same conditions as those in 
Example 4. Each concentration of the fluorescence probe was 10 u,M (a 100 mM sodium phosphate buffer, pH 7.4). 
The results are shown in Table 1. 

50 


Table 1 



Reactive oxygen species 

ss-1 F 

ss-3F 

DCFH 


Hydroxyl radical ( a ) 

3.3X10 2 

6.0X10 2 

4.8X10 3 

55 

Singlet oxygen ( b ) 

4.8 

8.7 

26 


(a) Iron(ll) perchlorate (100 and hydrogen peroxide (1 mM) were added. 

(b) EP-1 (100 \lM) was added. 
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10 


Table 1 (continued) 


Reactive oxygen species 

ss-1F 

ss-3F 

DCFH 

Superoxide ( c ) 

8.3 

5.6 

67 

Hydrogen peroxide < d ) 

1.8 

<1.0 

1.9X10 2 

Nitrogen monoxide < 8 ) 

6.0 

<1.0 

1.5x102 

Autoxidation ( n 

<1.0 

<1.0 

1.6X10 3 


(c) K0 2 (1 00 u.M) was added. 

(d) Hydrogen peroxide (1 mM) was added. 

(e) NOC13 (100 \lM) was added. 

(f) Allowed to stand just under a fluorescent lamp for 2 hours and 30 minutes. 


15 


20 


25 


30 


35 


40 


[0043] DCFH successfully reacted with hydroxyl radical (condition "a") as weli as other reactive oxygen species. The 
reactivity to autoxidation (condition T) was also high, which occurrence is fundamentally undesirable. In contrast, ss- 
1F and ss-3F were completely free from autoxidation (condition T) and had high reactivity to hydroxyl radical. 

Example 7: Specific detection of peroxidase activity 

[0044] The compound of the present invention, ss-1 F or ss-3F, was dissolved in DMF at a concentration of 1 0 mM, 
and the solution was added with a 100 mM sodium phosphate buffer (pH 7.4) so as to become dissolution at a final 
concentration of 10 u, M. A 100 mM phosphate buffer (pH 7.4) of horseradish peroxidase was added to the resulting 
solution of ss-1 F or ss-3F to a final concentration of 0.2 uJvl, and then hydrogen peroxide was added to final concen- 
trations of 0, 0.01, 0.05, 0.1, 0.5, 1.0, 2.0, and 5.0 u.M, and the fluorescence spectrum was immediately measured. 
The fluorescence spectrum was measured under the same conditions as those in 1) of Example 4, except that the 
fluorescence wavelength was at 515 nm. The results were shown in Fig. 9. As clearly shown in Fig. 9, both of ss-1F 
and ss-3F gave increase in fluorescence intensity in a concentration-dependent manner in the hydrogen peroxide 
concentration range of between 0 and 5.0 uJvl. 

[0045] It is already verified from the result of Example 6 that ss-1 F and ss-3F do not react with hydrogen peroxide, 
per se, and they suffer from no autoxidation. Accordingly, the result of Example 7 verified that the compound of the 
present invention enables specific and sole measurement of peroxidase activity. 

Industrial Applicability 

[0046] The compound of the present invention is useful as an agent for measurement of reactive oxygens such as 
hydroxyl radical and singlet oxygen. The agent for measurement of reactive oxygens comprising the compound of the 
present invention and a method for measurement of reactive oxygens using said compound are particularly useful for 
measurement of reactive oxygens that are localized in particular class of cells or tissues in a living organism accurately 
and conveniently by using a bioimaging technique. 


45 


Claims 

1. A compound represented by general formula (I) or (II) or a salt thereof: 


50 


(i) 


55 
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50 
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R 2 — O 


10 wherein R 1 and R 2 independently represent an aryl group which may be substituted and R 3 represents a 2-car- 

boxyphenyl group which may be substituted. 

2. The compound or a salt thereof according to claim 1 , wherein R 1 and R 2 represent a phenyl group substituted with 
an amino group or a hydroxy group. 


3. The compound or a salt thereof according to claim 1 or claim 2, wherein; R 3 is a 2-carboxyphenyl group. 

4. An agent for measurement of a reactive oxygen which comprises the compound according to any one of claims 
1 to 3 or a salt thereof. 

5. A method for measurement of a reactive oxygen, which comprises the steps of: 

(A) reacting the compound according to any one of claims 1 to 3 or a salt thereof with a reactive oxygen; and 

(B) measuring fluorescence of a dearylated compound or a salt thereof generated in the above step (A). 

6. A method for measurement of an enzymatic activity of an enzyme, in which a reactive oxygen involves in said 
enzymatic activity, by using the compound according to any one of claims 1 to 3 or a salt thereof. 

7. The method according to claim 6, wherein the enzyme is a peroxidase. 

8. An agent for measurement of an enzymatic activity of an enzyme, in which a reactive oxygen involves in said 
enzymatic activity, which comprises the compound according to any one of claims 1 to 3 or a salt thereof. 

9. The agent according to claim 8, wherein the enzyme is a peroxidase. 
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